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© Gold alloy wire connection to 
banding pad. 



copper doped aluminum semiconductor circuit Interconnection 



© The disclosure relates to an electrical connection 
between a bonding pad on a semiconductor chip 
and a wire wherein the bonding pad Is formed of 
copper doped aluminum and the wire fs formed of 
copper doped gold. The wire has from about 100 to 
about 10,000 parts per million copper and the pad 
has from about 5000 to about 60,000 parts per 
million copper. 
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GOLD ALLOY WIRE CONNECTION TO COPPER DOPED ALUMINUM SEMICONDUCTOR CIRCUIT INTER- 
CONNECTION BONDING PAD 



lization as was achieved with standard aluminum ? 
BACKGROUND OF THE INVENTION Integrated circuit metallization. It Is therefore nec- 

essary to provide wire for bonding to copper docBd * 
aluminum pads which Is xrf sufficient hardness to 
FIELD OF THE INVENTION 5 ove.rcomfc the problems noted hereinabove and 

— — provide a reliable bond to the pad- 



This Invention relates to an electrical connec- 
tion between copper doped wire and copper doped 
aluminum bonding pads forming a part of a semi- 
conductor circuit. 



BRIEF DESCRIPTION OF THE PRIOR ART 



it Is often desirable to utilize doped metal- 
lization In semiconductor devices. Doped aluminum 
mataflixation including the bonding pads are re- 
quired to obtain certain desired metallurgical char- 
acteristics on semiconductor devices. When al- 
loyed with copper, significantly increased hardness 
and toughness of the aluminum metallization fa 
achieved. These characteristics are fundamental to 
an integrated circuits'* ability to withstand the ther- 
mal stress. Induced in the active circuitry of the 
device by the expansion and contraction of plastic 
encapsulant The ability of a plastic encapsulated 
semiconductor device to withstand stress induced 
during temperature cycling between -88 degrees C 
and 160 degrees C. is a requirement outlined In 
mil-standards and by moat major commercial us* 
erg. As the bonding pad becomes harder, the stan- 
dard gold wire becomes less apt to property bond 
thereto as compared to the un doped bonding pad 
wherein the gold is relatively soft compared with 
the doped bonding pad. It Is known that wires 
generally should be harder than the bonding pad 
material. The wire of choice presently used In 
semiconductor applications is a berryllum doped 
gold wire. QoU wire for use in semiconductor ap- 
plications is discussed In an article entitled Met- 
allurgical Behavior Of Gold Wire In Thermal Com- 
pression Bonding, Tit Ramsey. Solid State Tech- 
nology, October 1973. pages 43 to 47. which Is 
incorporated herein by reference. 

However, a problem exists with the current 
technology of thermosonlc ball bonding of standard 
beryfflum doped gold wire to copper doped alu- 
minum metalSzatiorr In the form of bonding pads 
due to the increased hardness and toughness In 
that standard gold wire of the type described 
hereinabove Is of insufficient hardness to cause the 
level of plastic flow of the integrated circuit metal- 



SUMMARY OF THE INYEffllON 

TO 

In accordance with the present Invention, the 
above noted problems of the prior art are materially 
minimized and there Is provided an electrical con- 

is nection to copper doped aluminum metallization In 
the form of bonding pads In semiconductor devices 
by forming gold wire which has been doped with 
from about 100 to about 10,000 parte per million 
copper and making electrical connection therewfth. 

2D With such wire, the hardness is significantly In- 
creased without introducing a new metal into the 
system. Since copper metallization Is compatible 
with gold, bonding results are Improved for bonding 
of gold to copper doped aluminum. 

26 In accordance with the present Invention, gold 
and copper. In the desired ratio, are placed in a 
crucible and healing to the point where the entire 
mass Is a liquid. The mass is than agitated, such 
as by ultrasonic agitation, white in the crucible to 

so provide a uniform mixture of the gold and copper. 
The copper doped gold la than cooled to form a 
solid Ingot of gold with the copper homogeneously 
dispersed therethrough In the fyfedeslrdd amount 
Tne Ingot Is Ihen drawn out In standard manner to 

ss the desired diameter to form a wire of gold doped 
with copper. This wire Is then ball bonded to cop- 
per doped aluminum pads of semiconductor de- 
vices to provide the desired bonds as discussed 
hereinabove. The gold wire has from about 100 to 

40 about 10.000 parts per million copper therein. 



DESCRIPTION OF THE. PREFERRED EMBODY ^ 
ME NT ~ ^ * 

45 * 

A gold wire for use in accordance with the 
present invention was produced by depositing a 
1Q0O.O gram ingot of 99.95% pure gold in a cru- 
ra dble of any type that does not contaminate the 
gold along with 5 grams of pure copper 99-99% 
pure copper. The crucible was placed In a nitrogen 
atmosphere and heated until the gold and copper 
had melted. While retaining the melted gold and 



2 

PACE 5/1 1 * RCVD AT 1/18/2008 11:15:48 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-8/29 " DNIS: 2738300 * CSIO: 5098383424 * DURATION (mm-ss): 03-40 



d/18/2006 09:15 FAX 5098383424 WELLS ST JOHN PS (2)006/011 

3 0 2S8 776 4 



copper at this temperature, the mixture was ul* 
trasonteaUy agitated for thirty minutes to thoroughly 
mix the gold and copper and provide a homo- 
geneous mixture thereof. The mixture was allowed 

' to cool to room temperature, whereupon the cru- 

cible was removed from the nitrogen atmosphere. 

i The ingot that had been formed In the crucible was 

then worked in standard manner to form a spool of 
1 mil diameter wire. Tills was accomplished by 
forcing the ingot through progressively smaller ap- 
ertures whereby the Ingot was drawn out Into con- 
tinually smaller diameter wires until the desired 
diameter was reached. A semiconductor chip hav- 
ing from about 0.5 to about 5% copper and prefer- 
ably 2.0% copper doped aluminum bonding pads 
thereon was then provided and a piece of (he 
copper doped wire was bail bonded thereto In 
standard manner as discussed In the above noted 
publication. The bond was then Investigated and 
was found to be of high quality by yielding wire 
pull strengths of up to 50% greater than was 
achieved previously with aluminum metallzatlon 
and standard gold wire. 

it is readily apparent that a bond between 
copper doped aluminum pads and copper doped 
gold wire Is reliable and does not degrade the pad 
itself by introducing unwanted Impurities into the 
pad which degrade die pad and, possibly, the 
connection. 

Though the invention has been described with . 
respect to a specific preferred embodiment thereof, 
many variations and modifications will immediately 
become apparent to those skilled In the art. It Is 
therefore the Intention that the appended claims be 
Interpreted as broadly as possible In view of the 
prior art to include ail such variations and mccflflca- 
tlons. 



Claims 

1. An electrical connection of a wire to a bond- 
ing pad, comprising: 

(a) a semiconductor chip having a bonding 
pad thereon comprising a first metal doped with a 
second metal; 

* (b) a wire comprising a third metal doped 

* with the second metal and bonded to bonding pad. 

2. The electrical connection of claim 1 wherein 
the first metal is aluminum. 

3. The electrical connection of claim 1 wherein 
the second metal Is copper. 

4. The electrical connection of claim 1 wherein 
the third metal is gold. 

(a) a semiconductor chip having a bonding 
pad thereon comprising aluminum doped with a 
second metal; 



(b) a wire bonded to said bonding pad com- 
prising gold doped with the second metal. 

5. The electrical connection of claim 4 wherein 
the second metal Is copper, 
s 6. A bonding wire for electrically connecting to 
a semiconductor chip bonding pad of a first metal 
doped with a second metal, said bonding wire 
comprising a third metal doped with the second 
metal. 

io 7. The bonding wire of claim 8 wherein the 
second metal IS copper. 

8. The bonding wire of claim G wherein the 
third metal Is gold. 

9. The bonding wire of claim 8 wherein the 
re second metal is copper. 

10. A bonding wire for electrically connecting 
to a semiconductor chip bonding pad of aluminum 
doped with a second metal, said bonding wire 
comprising a third metal doped with the second 

20 metal. 

11. The bonding wire of claim 10 wherein the 
second metal Is copper. 

12. The bonding wire of claim 10 wherein the 
third metal Is gold. 

23 13. The bonding wire of claim 12 wherein the 
second metal is gold. 

14. A method of making an electrical connec- 
tion, comprising the steps of: 

(a) providing a semiconductor chip having 
30 thereon a bonding pad of a first metal doped with a 

second metal; 

(b) providing a wire of a third metal doped 
with the second metal; and 

(c) bonding said wire to said bonding pad. 
ss 15. The method of claim 14 wherein the bond- 
ing step comprises ball bonding. 

16. The method of claim 14 wherein the first 
metal comprises aluminum. 

17. The method of claim 18 wherein the sec- 
40 ond metal comprises copper. 

18. The method of claim 17 wherein the third 
metal comprises gold. 

19. The method of claim 14 wherein the sec- 
ond metal comprises copper. 

45 20. The method of claim 19 wherein me first 

metal comprises aluminum and one third metal 

comprises gold. 

21. The method of claim 14 wherein the third 

metal comprises gold. 
so 22. The method of claim 21 wherein the first 

metal comprises aluminum and the second metal 

comprises copper. 
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